Adrenoleukodystrophy (ALD) is an X-linked inherited metabolic disease associated with the accumulation of very long chain fatty acids (VLCFA) in the nervous system, adrenal cortex, and testes. At least seven phenotypes can be distinguished, which are Addison only, childhood, adolescent and adult cerebral ALD, adrenomyeloneuropathy (AMN), and symptomatic or asymptomatic carriers. Children most often develop rapidly a progressive cerebral disease, whereas adults rarely develop a cerebral disease. The majority of adult-onset ALD patients are AMN. The prognosis of ALD remains unpredictable in individual patients. Family history can be very informative. The plasma VLCFA assay permits precise diagnosis. Specific changes on brain Magnetic Resonance Imaging (MRI) can have diagnostic utility. However, there is considerable overlap among adult-onset leukodystrophies. Adult onset form of cerebral X-linked ALD (AOCALD) is a rare disease. The disease progresses rapidly with widespread demyelination of the cerebral hemispheres. AOCALD is an important differential diagnosis for adults with psychiatric symptoms and progressive cognitive changes. In this article, we review on case reports of AOCALD.
Introduction
ALD is an X-linked inherited metabolic disease associated with very long chain fatty acids (VLCFA) accumulation in the nervous system, adrenal cortex, and testes [1] [2] .
It is caused by a mutation in the ABCD1 gene on chromosome Xq28. A number of different mutations in the ABCD1 gene have been reported to be associated with X-linked ALD [3] - [10] . The gene product is a peroxisomal membrane protein, which belongs to the family of peroxisomal membrane ABC half-transporter proteins. The genetic defect leads to decreased peroxisomal α-oxidation of VLCFA and subsequent accumulation of VLCFA mainly in the central nervous system and adrenal glands as well as in plasma. Accumulation of VLCFA is associated with progressive central and peripheral demyelination, adrenocortical insufficiency, and hypogonadism. Its prevalence is currently estimated at 1 in 20,000 -50,000 [11] . The clinical manifestations of ALD range widely. At least seven phenotypes can be distinguished, which are Addison only, childhood, adolescent and adult cerebral ALD, AMN with or without cerebral demyelination, and symptomatic or asymptomatic carriers [12] . Children most often develop rapidly a progressive cerebral disease, whereas adults rarely develop a cerebral disease. In the most severe phenotype, affected patients develop cerebral demyelination with inflammation which is rapidly progressive and usually fatal within 2 years after onset. This phenotype presents most frequently in early childhood (childhood cerebral ALD; CCALD), but can also occur in adolescence or adulthood. In seven phenotypes, two most frequent are childhood cerebral ALD (CCALD) and adrenomyeloneuropathy (AMN) [13] . Childhood cerebral ALD (CCALD) and AMN account for more than 75% of all X-linked ALD [13] . The adrenomyeloneuropathy (AMN) phenotype usually develops between the 30 years and 50 years of life and is gradually progressive. AMN represents the core clinical symptoms in X-linked ALD. The neurologic disability is slowly progressive initially. The main symptoms of AMN are gait disturbances, adrenal insufficiency, bladder problems, as well as scarce scalp hair [14] . The neurological symptoms are related to a myeloneuropathy. Adrenocortical and testicular insufficiency can occur in isolation (Addison-only), but also in combination with any of the other phenotypes. There is no correlation between the duration or severity of endocrine dysfunction and the severity of the myeloneuropathy. The majority of adult-onset ALD patients are AMN. The adult onset form of cerebral X-linked ALD (AOCALD) is a rare disease and less than 3% of X-linked patients present with ALD [13] [14] . The phenotypic presentation of AOCALD is mainly characterized by a gradual development of behavior changes and cognitive dysfunction [2] . The disease progresses rapidly with widespread demyelination of the cerebral hemispheres. Hallucinations and delusions are not common as initial symptoms, however, we reported the case of AOCALD heralded by auditory hallucinations and delusions [15] . Specific treatment should be effective at psychiatric stage before the occurrence of irreversible neurological lesions. General practitioners should bear in mind the importance of performing neurological and radiological examinations on psychiatric patients with chronic illnesses in order to diagnose correctly.
In this article, we present an overview of 18 case reports on AOCALD.
Methods
An electronic search of databases was conducted through academic search engine, MEDLINE. Terms were entered for searching in the title and abstract of articles. The search set used the terms "Adrenoleykodystrophy (ALD)" or "adult onset" or "cerebrum" or "case report".
The search sets included all papers published from January 1995 to January 2015. The search was limited to journals written in English. The search produced 25 articles. All papers were then manually reviewed to ensure the studies investigated AOCALD.
Results and Discussion

Over View of Reviewed Studies
A total of 18 studies met the criteria for inclusion in this review.
The inclusion criteria were 1) diagnosis of probable X-linked ALD as confirmed by ABCD1 gene or serum VLCFA, 2) age of onset is older than 20 years old, 3) presence of cerebral demyelination confirmed by brain MRI or CT (cerebral ALD). Table 1 provides an overview of the reviewed articles. The average age of cases was 33.4 years old (20 years old to 62 years old), and all cases were male. In these cases [3] - [10] [15]- [24] , the symptomatology resembles childhood cerebral ALD (CCALD) such as progressive cognitive impairment and loss of memory. However, the early cognitive disturbance is rarely recognized by their families or at work in adults [4] [6] [7] . In 18 cases, progressive cognitive decline is common as initial symptoms [3] - [10] [15]- [24] . Three cases reported psychiatric symptoms as initial symptoms [3] [15] [21] . These are aggressivity and abulia [3] , hallucinations and delusions [15], and mania including impulsivity, loudness, and perseveration [21] . Some studies reported that the phenotypic presentation of AOCALD is mainly characterized by a gradual development of psychiatric symptoms mimicking schizophrenia or psychosis [1] [2] [12] . However, in 18 cases, there was a case that reported hallucinations and delusions appeared as initial symptoms [15] . Hallucinations and delusions were rare symptoms as initial symptoms. All cases were performed brain MRI and plasma VLCFA levels. Specific changes on brain Magnetic Resonance Imaging (MRI) can have diagnostic utility.
A study suggested that over a period of ten years, approximately 20% of patients with AMN developed additional cerebral demyelination [25] . In 18 cases, several cases revealed that patients with AMN developed cerebral ALD [5] [7] [18] [22] [24] . As the study [25] and these cases, patients with AMN can develop cerebral demyelination. It is important to follow the patients with AMN or Addison's disease by re-examinations of MRI.
Diagnosis
The majority of adult-onset ALD patients is AMN. The incidence of AOCALD is less than 3% [13] [14] . AOCALD should be considered in the differential diagnosis of leukoencephalopathy in an adult even though AOCALD is a rare disease. When ALD is suspected, the initial diagnostic step consists of analysis of VLCFA in plasma. Most laboratories measure the absolute concentration of C26:0 as well as the C24:0/C22:0 and C26:0/ C22:0 ratios [13] . However, it is difficult to diagnose patients with AOCALD correctly when psychiatric symptoms are initially isolated without more specific symptoms or a familial history [15] . Family history can be very informative [3] [5] [19] . All 18 cases were performed brain MRI [3] - [10] [15]- [24] . MRI can have diagnostic utility, however, there is considerable overlap among adult-onset leukodystrophies. Thus, the predictive value of even more sophisticated MRI techniques is limited and there is still an essential need for biological markers that can predict disease progress. Metabolic screening reveals increased VLCFA [3] - [10] [15]- [24] . The next step is to confirm the diagnosis by performing ABCD1 mutation analysis [3] [4] [6]- [10] [12] [19] .
In adult males presenting with adrenocortical insufficiency, X-linked ALD should be considered and determination of plasma VLCFA levels should be performed [12] . Furthermore, adult males presenting cognitive and neurological symptoms with white matter lesions on brain MRI should be considered for X-linked ALD and determination of plasma VLCFA levels should be performed [12] . In adult men, the most common presenting symptom of X-linked ALD is a chronic myelopathy [12] . After ruling out a compressive myelopathy by MRI of the spinal cord and other common causes of chronic myelopathy, X-ALD should be considered [12] . In adult males with confluent white matter changes, X-ALD should be considered, especially when there is increased signal intensity on T2-weighed and FLAIR sequences in the parieto-occipital region and the splenium of the corpus callosum [3] - [10] [12] [15] - [24] . Metabolic screening reveals increased VLCFA, the next step is to confirm the diagnosis by performing ABCD1 mutation analysis [3] 
Treatment
Oral administration of Lorenzo's oil normalizes or significantly lowers the levels of VLCFA in plasma [15] . However, the clinical efficacy of Lorenzo's oil and the clinical indications for use of Lorenzo's oil are controversial [12] . Approximately 70% of AMN patients develop primary adorenocortical insufficiency before the onset of neurological symptoms [25] . The treatment of adorenocortical insufficiency in X-linked ALD is no different from in patients with primary adrenal insufficiency. Glucocorticoid replacement therapy dose not influence the development or progression of neurological symptoms [25] .
Treatment is mainly symptomatic. If cerebral ALD is advanced at the time of diagnosis, prognosis is poor [ [23] . There is no proven treatment for AOCALD. There is currently no curative or preventive treatment for most of patients with AOCALD.
However, bone marrow transplantation (BMT) has been reported to have a long-term beneficial effect in childhood onset ALD early in the clinical course [9] . Despite significant mortality risk, allogeneic haematophietic cell transplantation (HCT) remains the only therapeutic intervention that can halt the progression of cerebral demyelination in X-ALD, provided the procedure is performed very early stage when affected boys or men have no or minor symptoms due to cerebral demyelinating disease [12] .
Regular follow-up in AMN remains important. Some studies reported that 20% of adult males with AMN phenotypes will develop AOCALD later in life [12] [25] . It is important to study if an allogeneic HCT can be successful. In addition, the challenge of the future is to discover risk factors for the development of cerebral ALD [12] .
Conclusions
X-linked ALD is an intriguing disorder that is still incompletely understood and limited treatment options.
In addition, the incidence of AOCALD is rare and AOCALD is sometimes diagnosed as other diseases. It is important to recognize X-linked ALD because treatment is available in some cases such as HCT in early stage of X-linked ALD. We realized that general practitioners should bear in mind the importance of performing neurological and radiological examinations on psychiatric patients with chronic illnesses in order to diagnose correctly. Increased awareness of this disorder will lead to accurate diagnosis, appropriate treatment selection, and genetic counseling.
